The German student Oscar Bünemann, in trouble with the Nazi authorities in the mid-1930s, chose to emigrate to Britain and pursue a PhD there. After emigration, his surname appears as Buneman. On the verge of completing his degree in 1940, he was detained as an enemy alien and spent almost a year in internment. Upon release, he found work as an atomic scientist in England, and went on to lead a post-war career as a pioneering plasma physicist in the USA.
The following abbreviations are used: 
Introduction
The topic of forced migration of scientists continues to attract the interest of historians of science. Archival research is still providing new insights into the plight of scholars on the run from Nazism and Fascism in the 20th century. We propose to illuminate the challenges faced by German students and scientists during that calamitous time, as well as the support and patronage offered by fellow scientists, private citizens, and aid organizations in Britain and elsewhere, by the case history of Oscar Buneman, pioneer of numerical simulation of plasmas and of visualisation of computed results, still and animated, and founder of the field of computer simulation using particles.
Our main source is the archive of the SPSL.
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These records contain a great deal of information about Buneman not available elsewhere. Bunemann himself never published any memoirs. He belongs to a minority among emigrants which has not been investigated much:
he was non-Jewish and not a communist, politically active against the Nazis both before and after his emigration, but his main field of interest was mathematics and its applications, not politics. Most of the literature on forced scientific migration is concerned with the emigration of scholars like Richard Courant, Richard von Mises, Albert Einstein, Max Born, Michael Polanyi and others who were already famous at the time of their emigration, cfr e.g. (Nye 2011 , Reid 1976 ).
The persecution Oscar Buneman was subjected to in Germany contrasts sharply with the patronage he was afforded in Britain, although he also had to endure much hardship there, along with many other scientific migrants. We discuss the onset of mass internment of enemy aliens in Britain in 1940, giving details about Buneman's internment in particular, and describe his career after release from internment, focusing mostly on his first years in Manchester. He happened to live at the time when computational physics and plasma physics arose as new fields of science, and being employed at institutions centrally involved in this development, he became a pioneer in these fields. His strong mathematical education was a necessary prerequisite for his later successful career in plasma physics.
Early years
Oskar Bünemann was born in 1913 to a German family, then resident in Milan but soon after relocating to Hamburg. The Bünemanns were import/export-merchants. Young family members would typically spend several years in foreign countries to perfect their business and language skills. Several of them were polyglots, many played musical instruments and/or sang, some of them professionally. They had an extensive network of personal and professional contacts, some of whom would later step up and offer assistance to Oscar Bünemann when he came to Britain. He got his MSc degree in 1938 with a thesis on stability theory for ordinary dynamical systems (Bunemann 1938a ). This research resulted in two publications (Bunemann 1938b; 1938c As things developed, his applications for a teaching post were thwarted, because on June 3, 1940 Oscar Bunemann was interned as an enemy alien.
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When the committee met for his oral PhD examination on June 8, it noted that Buneman had been interned and queried whether an examiner could be sent to hold the oral at "the place of internment" as it had been indicated that he would not be released to attend the oral.
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The official document for his doctoral 12 MS SPSL 474/3 folio 356 13 Ibid: private communication (by email) from Mr. James Peters and Ms. Janet L. Wallwork 14 Also his Stanford students in later years praised the clarity with which OB presented his lectures, and reported that he spoke such good British English he was taken to be a native Englishman (MeyerSpasche 2014).
15 MS SPSL 474/3 folio 366 degree is dated May 1, 1942.
17
In practice, though, the degree was granted to him in absentia in the summer of 1940.
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Internment as an enemy alien
In times of war, governments tend to view foreign nationals with suspicion. It has been, and still is, common practise to detain citizens of enemy nations without trial. Great Britain has been no exception in this respect. During both world wars, British authorities rounded up and interned thousands of citizens of enemy countries, as well as some of its own citizens under suspicion of collusion with the enemy. More recently, during the two Gulf wars in the 1990s and early 2000s, people were also held without trial on the assumption that they might otherwise aid the enemy.
While the internment of enemy aliens in wartime has attracted a fair amount of attention from historians of belligerent conflict (Cesarani &al 1993; Wilsher 2011; Simpson 1994 (Gillman &al 1980) . It has been estimated that 26400
German, Austrian, and Italian nationals were interned (Conway &al 2001) . The tragedy of the S/S Arandora Star, which was sunk by a German submarine on July 2 with hundreds of Italian detainees destined for a Canadian internment camp on board, no doubt contributed to sway public opinion. The matter was also debated repeatedly in the House of Commons, on July 10 and August 22, by which time government policy had reversed (Dove 2005) . In the end, moderation prevailed, and most of the detainees were released within months, although some remained interned for several years.
Many German scientists resident in Britain in 1940 were subjected to internment, and the SPSL devoted considerable effort to pleading with the authorities for their release. While most of them had retained their German citizenship, the overwhelming majority of them were staunchly anti-Nazi and hardly likely to aid and abet the enemy. The efforts of the Society contributed significantly to secure the early release of refugee scholars from internment. 
A group of companions and a `camp university'
There is strong evidence that Klaus Fuchs, Paul Weiss, Oscar Buneman, Max Perutz, Walter Kellermann, Hermann Bondi and Thomas Gold were interned together for quite some time.
Max Perutz wrote about a camp university with participants Herman Bondi, Thomas Gold and Klaus Fuchs (Perutz 2002, 76) . Thomas Gold reported that Buneman and (Sir Herman) Bondi `were the prime movers in the camp university and I certainly learned a lot more from them than I would have had I remained in Cambridge for those nine months' (Buneman &al 1994).
Kellermann wrote that he and Fuchs taught at the camp `university' and that he met Bondi during internment (Kellermann 2007 ).
How many participants did this camp university have? Sometimes they were just two or three teaching each other from memory and through sophisticated mathematical puzzles, sometimes they had lectures attended by maybe up to 20 persons. Paul Weiss wrote in a letter to the SPSL in 1946 that he taught a lot of mathematics during internment and that in Canada he helped to organise the camp university. places of isolation' . . . `became, in spite of revolting conditions, excellent breeding grounds for budding scientists, and there were many distinguished academics who owed their initial inspiration to the tuition and discussion arranged to break the tedium and hardship of their enforced detention. Herman Bondi was one' (Flowers 2009 ). The biochemist Max Perutz reported that he got interested in astrophysics from contact with a fellow internee: 'We were herded into a huge empty shed cast into gloom by blacked-out skylights thirty feet above us.
A fellow-prisoner kept staring at a blank piece of white paper, and I wondered why until he showed me that a tiny pinhole in the blackout paint projected a sharp image of the sun's disc, on which one could observe the outlines of sunspots' (Perutz 2002, 73) . 
Support and sponsorship
`I consider Bünemann a most valuable man in the eventualities that we all hope will occur. He is Aryan or whatever is the official title for a non-non-Aryan
Scientific career
After release from internment, Bunemann joined the magnetron group of Professor Hartree working for the British Admiralty. The task was to achieve a better understanding of the generation of microwaves in a cavity magnetron, to design a device for efficient production of radar waves (i.e. special microwaves) of wave lengths which the German Luftwaffe could not jam because they did not know how to produce them. Mathematically speaking, they computed the paths of many charged particles (an electron beam) in a given electro-magnetic field of a cavity magnetron, taking into account that the moving charged particles generate This project was started in the late thirties in England, moved to Montreal during the war, but was not intensely pursued during the Manhattan project. After the war it was intensified in uncomfortable and very much restricted by the military: they had to live in prefabricated houses, `tiny tin boxes', which gave the place `the general appearance of a penal colony.' His wife Mary had a massive re-entry culture shock and remembered later: `Never before had I felt so humiliated nor so homesick for the wonderful, convenient United States'. The couple separated during their Harwell time and were divorced in September 1951. They both remarried shortly afterwards: she in October 1951 to Brian Flowers, Baron Flowers, FRS (1924 -2010 The head of his department in Harwell was Klaus Fuchs, who in 1950 was convicted as a spy. Security regulations at AERE were then greatly increased, and several people, including Oscar Buneman, were advised to leave. Buneman then became a university lecturer for mathematics at the University of Cambridge and a member of Cambridge's oldest college Peterhouse. His scientific interests, however, stayed in theoretical physics, especially in fundamental and cosmical electro-dynamics and the newly evolving field of plasma physics (cosmic plasmas, fusion plasmas).
In the academic year 1957/58 he spent a sabbatical at Stanford University. During this stay he had access to the biggest and fastest computer of the time, a Univac 1103AF. Extending the numerical methods employed earlier, he did a first numerical simulation of a plasma, computing paths of the same number (256) of positively and negatively charged particles in a self-consistent field. Thus he discovered an electron-ion instability, today called the Buneman Instability, and he showed how anomalous resistivity comes about. The publication of these results roused a great deal of attention and was frequently cited (Buneman 1959) . It became a `citation classic'. This work probably also helped him to attain a full professorship at Stanford University. Later on he remembered: . . . `the publication of two pages of graphic computer output in Physical Reviews, showing electron and ion space-time orbits made quite a stir' (Buneman 1990 ). This paper is still frequently cited; in the ISI Web of Science citation index there are 424 citations in the first 25 years (1959 -1984) , 194 citations in the next 25 years , with new citations being recorded every year.
In the years 1960 -1984 Buneman was Professor of Electrical Engineering at Stanford
University and head of SUIPR, cooperating with colleagues at Berkeley, Livermore and elsewhere. Besides his other work he continued research in numerical simulation of plasmas (laboratory plasmas and cosmic plasmas), not only in one spatial dimension as in the 'citation classic' paper, but later on also in two and three spatial dimensions, with growing numbers of particles. Treating as realistic mathematical models of plasmas as possible, it was -and isnecessary to use the biggest and fastest computers (which were available in the Bay Area) and to develop new and more efficient computational methods.
His main interest was in investigating plasmas. But whenever necessary, he dealt with many different problems of computer science and numerical analysis. Thus, for instance, he also dealt with fast and multi-dimensional Hartley transforms, certain types of finite elements, and he replaced certain functions of Cray software by his own, more efficient routines. In the 1960s he and his PhD student Roger Willis Hockney were strongly involved in the development of numerical methods closely related to the Fast Fourier Transform, together with Gene Golub (Hockney 1966a ). Buneman became well-known among numerical analysts for his Fast Poisson Solver, the 'Buneman algorithm' (Buneman 1969; Buzbee &al. 1970; Henrici 1986; Stoer &al 1983) .
At the time when it still was cumbersome and time-consuming to generate computed pictures using plotters, i.e. programmable machines for drawing lines with ink-filled pens, Buneman produced computer-generated pictures on printers as well, by using digits and letters as pixels.
It seems that Roger Hockney was the first to produce a film of moving plasma particles (Hockney 1966b) . After Hockney left SUIPR, Buneman himself started to run Fortran codes and showed movies of his numerical simulations during his talks at international meetings and summer schools. Soon other plasma physicists around the world started to display their numerical results in movies. And then this technique spread to other fields, as did the particle methods.
In 1984 Buneman became Stanford emeritus. He joined Stanford's STARLab and continued his research as before. He died on January 24, 1993. His plenum talk planned for the IEEE 1993 plasma meeting was replaced by a memorial session for him, with a talk by his colleague Bruce Langdon (Langdon 1993) .
Honours
Oscar Buneman was elected Fellow of the American Physical Society (1948) and Fellow of the Cambridge Philosophical Society (1950) . His name is tied to the 'Buneman Instability', a property first introduced in his most frequently cited paper (Buneman 1959) , and the 'Buneman Algorithm' (Buneman 1969) 
